Objective To investigate whether an audible cracking sound during shoulder manipulation following distention arthrography is clinically significant in patients with adhesive capsulitis of the shoulder. Methods A total of 48 patients (31 women, 17 men) with primary adhesive capsulitis of the shoulder completed the study. All participants underwent C-arm-guided arthrographic distention of the glenohumeral joint with injections of a corticosteroid and normal saline. After distention, we performed flexion and abduction manipulation of the shoulder. The patients were grouped into sound and non-sound groups based on the presence or absence, respectively, of an audible cracking sound during manipulation. We assessed shoulder pain and disability based on a Numeric Rating Scale (NRS), the Shoulder Pain and Disability Index (SPADI), and passive range of motion (ROM) measurements (flexion, abduction, internal and external rotation) before the procedure and again at 3 weeks and at 6 weeks after the intervention. Results The patients were divided into two groups: 21 were included in the sound group and 27 in the nonsound group. In both groups, the results of the NRS, SPADI, and ROM assessments showed statistically significant improvements at both 3 and 6 weeks after the procedure. However, there were no significant differences between the two groups except with respect to external rotation at 6 weeks, at which time the sound group showed a significant improvement in external rotation when compared with the non-sound group (p<0.05). Conclusion These findings showed that manipulation following distention arthrography was effective in decreasing pain and increasing shoulder range of motion. In addition, the presence of an audible cracking sound during manipulation, especially on external rotation, was associated with better shoulder range of motion.
INTRODUCTION
Adhesive capsulitis, known as frozen shoulder or painful stiff shoulder, is a common cause of shoulder pain that affects 2% to 5% of the general population [1] . The pain and impaired mobility can lead to progressive underutilization of the affected shoulder and ultimately the loss of function [1, 2] . The treatment objectives in adhesive capsulitis are to relieve pain, regain motion of the shoulder, and restore function. In patients with severe pain or a limited range of motion (ROM), physiotherapy, exercise, and oral medication are recommended. Other approaches include intra-articular injections, capsular distention, manipulation under anesthesia, and surgery. In a study comparing manipulation and intra-articular injection, there was no difference in the outcomes [3] . No single, standard treatment is universally accepted in the management of adhesive capsulitis. Combination treatment such as distention arthrography with manipulation using local anesthesia is also a safe and effective way to address frozen shoulder [4] .
During manipulation, one can hear a typical cracking sound known as characteristic crepitus. This sound is believed to be reflect the loosening and tearing of the adhesive components of the shoulder joint [5, 6] . Several studies have reported that shoulder mobility increased after this audible cracking sound [7, 8] . Whereas some researchers have reported that a cracking sound was audible in all cases upon manipulation of the shoulders in patients with adhesive capsulitis [6, 8] , others reported hearing a cracking sound in only some cases [5, 9] . To our knowledge, the clinical significance of this cracking sound during manipulation has not yet been addressed.
We aimed to investigate whether an audible cracking sound during shoulder manipulation has clinical significance in patients with adhesive capsulitis of the shoulder. We hypothesized that the presence of an audible cracking sound would indicate a positive clinical outcome.
MATERIALS AND METHODS

Subjects
A total of 54 consecutive patients who were diagnosed with adhesive capsulitis were enlisted from the Department of Physical Medicine and Rehabilitation in Korea University Guro Hospital in Seoul, Korea, from May 1, 2013, to April 1, 2014. Every participant provided informed consent after obtaining approval from the regional Institutional Review Board of the Korea University Guro Hospital.
The subjects in this study were diagnosed with adhesive capsulitis on the basis of their medical history and physical examination. Inclusion criteria were age 18 years or older, shoulder pain for more than 3 months, and restriction of passive motion of 30 o in at least two planes of movement when compared with the opposite side [10] . Subjects were excluded if they had a painful shoulder following severe trauma, a previous stroke with motor deficits, or a known allergy to a local anesthetic agent, iodine, or steroids.
A plain radiograph and ultrasonography were obtained in each case, and other disorders were excluded, such as fracture, shoulder dislocation, significant glenohumeral arthritis, rotator cuff rupture, and calcific tendinopathy. Sonographic evaluations were performed by one physiatrist (J. S. Yoon) with 15 years of experience in musculoskeletal sonography.
Clinical evaluations
We measured the intensity of shoulder pain by means of a Numeric Rating Scale (NRS), the Shoulder Pain and Disability Index (SPADI), and passive ROM testing at baseline and at 3 weeks and 6 weeks after the patients underwent distention arthrography. The SPADI is a selfadministered and consists of 13 items divided into two subscales: pain (5 items) and disability (8 items) [11] . The SPADI is scored on a scale of 0 to 100 by averaging the individual scores from the two subscales, and the highest scores indicate the most severe pain and disability.
Shoulder passive ROM was measured in four different directions of movement: forward flexion/abduction from neutral and external/internal rotation from a 45 o abduction. A physiotherapist assisted the patient in achieving maximum movement and measured the extent of passive ROM in all four directions. All ROMs were measured in a supine position. The NRS and SPADI were evaluated by a physician (B. J. Park) who was blinded to the patient's history, results of the previous physical examination, and the NRS and SPADI scores. Passive ROMs were assessed by a physiotherapist who was blinded to the results of previous ROM tests.
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Distention arthrography
All participants underwent fluoroscopically guided arthrographic distention of the glenohumeral joint. All injections were performed by the same clinician who performed the sonographic evaluations. Procedures were carried out under strict aseptic conditions. With the patient in the supine position, a local anesthetic agent (2% lidocaine hydrochloride) was infiltrated into the skin and subcutaneous soft tissue. A 22-gauge, 3.5-inch spinal needle (Spinocan; B. Braun Melsungen AG, Melsungen, Germany) was inserted anteriorly into the glenohumeral joint under fluoroscopic guidance, and approximately 3 mL of non-ionic contrast substance (Xenetix; Guerbet, Rome, Italy) was injected. The position of the needle was confirmed by fluoroscopy, and the integrity of the intraarticular structures was verified. This was followed by an injection consisting of 40 mg of triamcinolone (in 1 mL), 9 mL of 0.5% lignocaine, and 10 mL of normal saline. This injection (20 mL total) was given to all the patients to distend the glenohumeral joint [12] .
Manipulation
All shoulder manipulations were performed by the same clinician who carried out the distention arthrography procedure with 10 years of experience performing shoulder manipulation. Manipulation was then initiated by holding the patient's humerus and manipulating it initially into full abduction, then flexion with stabilization of the scapula. After achieving the maximum possible ROM, the arm position was maintained for 30 to 60 seconds in alternately full abduction and flexion. This sequence was repeated until the maximum possible ROM was achieved. During manipulation, any typical audible cracking sound was recorded by a physician (J. K. Choi) who was blinded to the patient's history and he results of the previous physical examination. Based on the presence or absence of an audible cracking sound, the patients were classified into sound and non-sound groups, respectively. After manipulation, we recommended that the participants perform only forward stretching exercises to increase ROM.
Adverse effects
To determine whether there were any complications of the intervention, we arranged to follow up with an examination for symptoms and a careful inspection of the shoulder immediately after the procedure and again at 3 weeks. In addition, subjects were asked to report any adverse effects of the intervention, as elicited by openended questions.
Statistical analysis
Data were analyzed using SPSS ver. 20.0 software (IBM, Armonk, NY, USA). A repeated-measures analysis of variance (ANOVA) was used to compare the degree of improvement between the two groups in terms of the NRS, ROM of flexion, abduction, external and internal rotation of the shoulder, and SPADI at each time point; this was followed by a Bonferroni post hoc analysis. A stepwise multivariate linear regression analysis was also used to explore the effects of covariates (age, gender, disease duration, audible cracking sound) on improvements in NRS, SPADI, and each type of ROM. Independent t-tests and chi-square tests were used to compare baseline characteristics, such as age, sex, side affected, and disease duration, between the two groups. All tests of statistical significant were performed at the 5% level of significance.
RESULTS
From the initial 68 patients who were screened, 54 were recruited after 15 patients who did not meet the inclusion criteria were excluded. Of these 54 patients, 23 (42.59%) patients had an audible cracking sound during ma- www.e-arm.org nipulation. After the procedure, 2 patients in the sound group and 4 patients in the non-sound group were lost to follow-up. Therefore, the sound group consisted of 21 patients (mean age, 54.10±7.54 years; 8 men, 13 women), and the non-sound group consisted of 27 patients (mean age, 57.78±9.98 years; 9 men, 18 women). General characteristics of these 48 patients are presented in Table 1 . There were no significant differences in age, sex, disease duration, or affected side between the sound group and the non-sound group.
Treatment effect between the groups
The NRS significantly decreased at 3 and 6 weeks after the procedure in both groups (p<0.05) ( Table 2 , Fig.  1 ). However, no significant differences were observed between the groups in the NRS at baseline or at 3 and 6 weeks after the procedure. The SPADI scores also significantly improved in both groups at 3 and 6 weeks after the procedure (Fig. 2) . However, no significant differences were observed between the groups in the SPADI scores at 
Fig. 2. Comparison of changes in the Shoulder Pain and
Disability Index (SPADI) in the sound group and the nonsound group. The SPADI significantly improved at 3 and 6 weeks in both groups. However, no significant differences are observed between the groups in the SPADI at baseline and at 3 and 6 weeks. The NRS significantly improved at 3 and 6 weeks in both groups. However, no significant differences are observed between the groups in the NRS at baseline and at 3 and 6 weeks.
www.e-arm.org baseline or at 3 and 6 weeks after the procedure. With respect to changes in passive ROM, there were significant improvements in both groups in shoulder abduction, flexion, external rotation, and internal rotation at 3 and 6 weeks after treatment (Table 3 , Fig. 3 ). According to a repeated-measures ANOVA, the sound group showed a significant improvement in shoulder external rotation at 6 weeks, as compared with the non-sound group (p<0.05) (Fig. 4) ; the results in the sound group and nonsound group, respectively, were 52.4±27.5 and 56.5±26.3 at baseline and 78.5±17.7 and 67.0±18.0 at 6 weeks. By regression analysis, an audible cracking sound was shown to be the only significant factor associated with improved external rotation at 6 weeks (R 2 =0.101, β=0.301, p=0.037). Patients' age, gender, and disease duration were not included as significant factors on regression analysis for other outcome improvements.
No serious complications such as fracture, neurologic complications, infection, allergic reaction, nausea, or dizziness were observed during the study period.
DISCUSSION
Our results indicate that distention arthrography with manipulation in patients with adhesive capsulitis is effective in improving function, reducing pain, and increasing ROM at 3 and 6 weeks. Furthermore, an audible cracking sound during manipulation suggested that improvement in external rotation at 6 weeks was greater than if no cracking sound was heard. An audible cracking sound was heard in 23 (42.59%) of the original 54 patients in our study and is believed to be the result of loosening and tearing of the adhesive components of the joint [5, 6] . If this sound is heard during manipulation, it means that the adhesive component of the shoulder is torn [6, 13] . In our study, the presence of a cracking sound was not directly associated with pain relief but was associated with a wider range of external rotation.
The joint space capacity in the normal shoulder joint is greater than 16 mL, whereas in adhesive capsulitis it is less than 10 mL [7] . Mao et al. [14] investigated the correlation between the difference in shoulder joint space capacity and joint ROM improvement after physical therapy in patients with adhesive capsulitis. In their study, the entire shoulder ROM, including flexion, abduction, external rotation, and internal rotation, was significantly improved after conservative treatment that included physical modalities and exercise. Moreover, the joint space capacity as measured on shoulder arthrography increased significantly after such treatment; however, this increase was significantly correlated with improvement only in external rotation and not in flexion, abduction, or internal rotation.
In our study, ROM, which included all four of these directions, improved in both the sound and non-sound groups after distention arthrography and manipulation. During manipulation, an audible cracking sound was Comparison of changes in total range of motion (ROM) in the sound group and the non-sound group. The total ROM significantly improved at 3 and 6 weeks in both groups. However, no significant differences are observed between the groups in the total ROM at baseline and at 3 and 6 weeks. Comparison of changes in external rotation in the sound group and the non-sound group. The external rotation significantly improved at 3 and 6 weeks in both groups. As compared with the non-sound group, the sound group shows a significant improvement from baseline in shoulder external rotation at 6 weeks (*p<0.05).
www.e-arm.org heard mostly during flexion, yet a significant difference in improvement between the two groups was observed only for external rotation. One explanation for this finding might be an increased joint space in the sound group. The restriction of passive motion in multiple planes, particularly on external rotation, is a significant finding in adhesive capsulitis [15] . Mao et al. [14] discovered that increased joint space correlated more with external rotation than with any other type of ROM. Based on their results; we hypothesize that if the shoulder adhesion is torn properly, the joint space would increase and external rotation would be the most likely ROM to improve. Some studies have reported that the cracking sound is heard in all manipulated shoulders [6, 8] , but other studies have reported that the cracking sound is heard in only some cases [5, 9] . This discrepancy is probably due to clinical differences-that is, if the cracking sound is not loud enough to be heard, it can be missed.
Arthrographic distention can help reduce pain and increase ROM in patients with adhesive capsulitis [5, 7, 11] . The effects and benefits of manipulation in this disorder have been well documented in several published reports [3, 8] . Combination treatment using arthrographic distention and manipulation under general anesthesia, as described by Ekelund and Rydell [16] , led to a rapid decrease in pain and an improvement in ROM at 4 to 6 weeks.
A combination of arthrographic distention and manipulation under local anesthesia was also described by van Royen and Pavlov [4] . They studied 22 patients and showed that distention along with manipulation without general anesthesia could provide sufficient gains in ROM. After the intervention, shoulder ROM improved, and the mean increases in range at 12 weeks were 86. ROM, we also evaluated NRS and SPADI to measure pain and disability related to adhesive capsulitis. After the procedure, we noted significant improvements in function and ROM and a reduction in pain. Some important limitations to this study should be considered. First, the number of patients was small and the follow-up period was short. A larger number of patients with a longer follow-up period will be needed to confirm the clinical effect of the cracking sound during manipulation. Second, if the cracking sound is not loud enough, it could be missed. Third, although we performed combination treatment-an intra-articular steroid injection, distention arthrography, and manipulation-in both the sound group and the non-sound group, it is possible that the addition of the injection and distention arthrography to manipulation could have affected the outcomes. Because our results are confined to the effect of an audible cracking sound during manipulation after distention arthrography, further study that involves manipulation alone is needed. Fourth, although in most cases the cracking sound was heard on shoulder flexion during manipulation, it was difficult to determine exactly when the sound occurred during the two types of movement, flexion or abduction. Additional studies to correlate the specific movement and improvement in each type of ROM are needed.
In conclusion, our results showed that distention arthrography along with manipulation led to a reduction in pain and improvements in both ROM and general shoulder function in patients with adhesive capsulitis. The audible cracking sound during manipulation did not seem to be associated with pain relief, but it did result in a better range of shoulder external rotation at 6 weeks after the intervention.
